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Abstract. Thediffractive progamof the CDF Collaborationat the FermilabTevatronpp Collider
is reviewedwith emphasisonrecentresultsfrom Run-Il andfuture prospets.

Diffractive pp interactionsarecharacterizedby the presencef at leastonelargera-
pidity gap,definedasa region of pseudorapidy [1] devoid of particles.A diffractive
rapidity gap,which may be forward (adjacento a leadingnucleon)or central,is pre-
sumedo beformedby the exchangeof a Pomeron [2], whichin QCD is a color singlet
guark/glwon objectwith vacuumguantumnumbersDiffractionin which thereis a high
monentum-transfepartonicscatteringn the eventin additioan to the rapidity gapis re-
ferredto ashard diffraction. In this paper we briefly review the resultson diffraction
obtainedby the Collider Detectorat Fermilab(CDF) in Run-1 (1992-1995) presentan
updateof resultsfrom Run-II, whichis in progressanddiscusguture prospects.

RUN-I RESULTS

In additionto measuringpp elastic,singlediffraction (SD), andtotal crosssectionsat
v/s= 540 and 1800 GeV, CDF studiedseveral soft and hard diffraction processest
1800GeV, andin somecasest /s = 630GeV [3]. Soft processestudedinclude:

DD  DoubleDiffraction pp— X +gap+Y
DPE DoublePomerorExchange pp— p+gap+X-+gap+p
SDD Single® DoubleDiffraction pp— p+gap+X+gap+Y

In harddiffraction CDF measuredD dijet, W, b-quarkandJ/y, DD dijet, and DPE
dijet production.Schematialiagramsandeventtopologiesfor representatie processes
areshavnin Fig. 1.
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FIGURE 1. Schemtéc diagramsandn-¢ topolagiesof representatve diffracive processestudiedby
CDEFE Theshadedareagepresentegions of pseudoapidity in whichthereis particleproduction.
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Two types of hard diffraction resultswere obtainedin Run-I: diffractive to non-
diffractive crosssectionratios using the rapidity gap signatureto selectdiffractive
evens and diffractive to non-diffractive structurefunction ratios usinga RomanPot
Spectromete(RPS)to triggeron leadingantiprotans. Theresultsexhibit regularitiesin
normalzationandfactorizationpropertieghatpointto the QCD charactepf diffraction
(se€]3)).

At /s=1800GeV, the SD/ND ratios(gapfractions)for dijet, W, b-quark,andJ/y
productian, aswell the ratio of DD/ND dijet production are all ~ 1%. Theseratios
aresuppressecelative to standardQCD inspiredtheoreticalexpectationge.g. 2-gluon
exchange)y a factorof ~10, whichis comparabldo thatobseredin soft diffraction
relative to ReggetheoryexpectationsThis suppressin represents severebreakdevn
of QCD factorization.It is, however, interestingto note that except for the overall
suppressin in normalizatiorfactorizatiorapproximatelyholdsat fixed /s.

Anotherinterestingaspectof the Run-I resultsis that ratios of two-gapto one-gap
crosssectiondor bothsoftandhardprocesseappeato obey factorization.Thisfeature
of the dataprovidesboth a clue to understandingliffraction anda tool for diffractive
studesusingprocessewith multiple rapidity gaps[4].

RUN-11 PROGRAM

The goal of the Run-Il diffractive programof CDF is twofold: (a) to obtain results
that could help decipherthe QCD natureof the Pomeron suchas dependencef the
diffractive structuregfunction(DSF)on Q?, Xgj: L, and¢ (fractionalmomentumlossof the

diffractednucleon),and(b) to measurexclusive productionrates(dijet, x2, yy), which
couldto be usedto establishbenchmarkcalibrationsfor exclusive Higgs productionat
LHC [5]. Preliminaryresultsfrom datacollectedat /s = 1.96 TeV confirmthe Run-I
DSFresultg3, 7]. New in Run-Il arethemeasuremertf the Q? dependencef the DSF
obtainedrom dijet productionandlimits on exclusive productionrates.
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FIGURE 2. (left) Ratioof SD/A 5 over ND ratesobtaired from dijet dataat various Q2 ranges;(right)
ratio of dijet massto total mass‘visible” in the calorimetersfor dijet productionin everts with aleading
antiproton within 0.3 < 5 < 0.1 andvarious gap requirenentson the proton side: (triangles)no gap
requrement,(opencircless)gapin 5.5< n < 7.5,and(filled circles)gapin region3.5< n < 7.5.



Thediffractive structure function

In Fig. 2 (left), the ratio of SD/ND rates,which in LO QCD and at fixed Xg; is

equalto the ratio of the correspondingstructurefunctions,shovs no appreciableQ?
dependencerThis resultwas foreseenin the renormalizatiormodel [8], in which the
diffractive structurefunction is basicallythe low-x (x < &) structurefunction of the
diffractednucleon.More dataare currentlybeinganalyzedo improve the statigics of
thismeasurement.

Data are at hand and analysesare in progressfor the measuremenof the t, &,
and flavor dependencef the DSF using dijet, W, and J/¢ production.In addition,
factorizationwill be testedmore accuratelythan in Run-l by comparingthe DSFs
obtainedrom dijet productionin SD andDPE.

Exclusive production

Exclusive dijet production

ThesearcHor exclusive dijet productionis basen measuringhedijet masdraction
M, definedasthe massof the two leadingjetsin an eventdivided by the total mass
reconstructedrom all the enegy obsered in all calorimeters.Fig. 2 (right) shavs
M i] distributionsfor eventswith differentselectioncriteria. The signalfrom exclusive
dijetsis expectedto be concentratedh theregion of R;; > 0.8, with valuesof Rjj<1
being causedby measurementesolutioneffects andfinal stateradiation.Of course,
backgroundventsfrom inclusive DPEproduction,pp — (p+gap) +JJ + X +gap, are
expectedo contributeto theentireM ii region.
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FIGURE 3. (left) Dijet productioncrosssectiondor R;; > 038 in DPE eventsasa fundion of ET’T‘”‘, the
E; of thenext to thehighestE jet; (right) theratio of b-taggedto all jetsin the DPE dijet eventsample
versusthedijet massfraction.

Sinceno peakis obsenedat R;;>0.8 in Fig. 2 (right), CDF reportsproductioncross
sectionsfor eventswith R;; > 038, which could be usedas upperlimits for exclusive
production. Figure3 (left) shavs suchcrosssectiondor variouskinemaic cutsplotted
versusEf"", the next to leadingjet E;. Thesecrosssectionsagree within errors,with



recentpredictionsfor exclusive dijet production[5]. Thus,for thesepredictionsto be
correct,the backgroundvould have to vanishas R'Li — 1. While this is guaranteedby
the J, = 0 selectionrule for leadingordergg — qq jets of mq << M;«, Monte Carlo
(MC) simulationsare usedto dealwith the dominantgg — gg processTo avoid using
simulationsqq eventscouldbe usedto estimatethe backgroundandthis could be done
usingdijet eventsin which at leastone of the jetsis b-tagged.Figure 3 (right) showvs
theratio of b-taggedo inclusive dijet eventsversudijet masdraction.A suppressiors
obsenred asM;; — 1, aswould be expectedf therewereexclusive dijetsin thesample.

However, backgroundstill mayexist from thegluonsplitting procesgig — g+ g(— bb).
This backgroundcould be practically eliminatedif both jets were requiredto be b-
tagged.Presently more data are being collectedwith an unprescaled-taggeddijet
triggerto yield a large sampleof doubleb-taggeddijet eventsto measurehe rate for
exclusive productionin alow backgroundcenvironment.

Exclusive x?2 production

CDF hasreportedan upperlimit of 49+ 18 (stat)+ 39 (syst) pb for exclusive x?2
productio from a searchfor J/y + y eventsfrom pp — p+ xd(— J/W+y — up +
y) +p. Theoreticalpredictionsof ~ 70 pb have recentlybeenrevisedto ~ 50 pb [5].
More data,collectedwith a dedicatedrigger, arecurrentlybeinganalyzed.

CONCLUSIONS

A comprehensie programof measurementsf the diffractive structurefunctionandof
exclusiediffractive productionis currentlyunderway at CDF aimingatdecipheringhe
QCD natureof diffractionandat providing benchmarlcalibrationsfor estimatiry rates
for diffractive Higgsproductionatthe LHC.
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